Background Previous studies have described the clinical impact of infection in alcoholic hepatitis (AH) but none have comprehensively explored the aetiopathogenesis of infection in this setting. We examined the causes, consequences and treatment of infection in a cohort of patients with AH. Methods We undertook a retrospective cohort study of patients with AH admitted between 2009 and 2014 to seven centres in Europe and the USA. Clinical and microbiological data were extracted from medical records. Survival was analysed with Kaplan-Meier analysis and Cox proportional hazards analysis to control the data for competing factors. Propensity score matching was used to examine the efficacy of prophylactic antibiotics administered in the absence of infection. Results We identified 404 patients with AH. Of these, 199 (49%) showed clinical or culture evidence of infection. Gut commensal bacteria, particularly Escherichia coli and Enterobacter species, were most commonly isolated in culture. Fungal infection was rarely seen. Cultured organisms and antibiotic resistance differed markedly between centres. Infection was an independent risk factor for death (hazard ratio for death at 90 days 2.33, 95% confidence interval 1.63-3.35, p \ 0.001). Initiation of antibiotic therapy on admission in the absence of infection did not reduce mortality or alter the incidence of subsequent infections. Corticosteroid use increased the incidence of infection but this did not impact on survival. Conclusions In this large real-world cohort of patients with AH, infection was common and was associated with reduced short-term survival. Gram-negative, gut commensal bacteria were the predominant infective organisms, consistent with increased translocation of gut bacteria in AH; however, the characteristics of infection differ between centres. Infection should be actively sought and treated, but we saw no benefits of prophylactic antibiotics.
Introduction
Alcoholic liver disease (ALD) accounts for significant morbidity and mortality globally, causing 14.5 million disability-adjusted life-years and nearly 500,000 deaths in 2010
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& Richard Parker richardparker@nhs.net [1] . Alcoholic hepatitis (AH), typified by jaundice and coagulopathy [2] , is the most florid manifestation of ALD [2] . Registry data from Denmark show an increasing incidence of AH from 1999 to 2008, particularly in women and older patients [3] . Severe AH is associated with a high 1-month mortality of approximately 15% [4, 5] . Despite decades of research, no pharmacotherapies have been shown to be unequivocally effective. [5, 6] Liver transplant is controversial, but has shown benefit in highly selected cases [7] . Most recently the largest randomised trial in AH to date failed to show a categorical benefit for corticosteroids, describing a non-statistically significant reduction in mortality in patients treated with steroids at 1 month countered by increased mortality at 6 months due to increased rates of sepsis in the group receiving steroid therapy [5] . Infections occur frequently in AH. Bacterial infection occurs in approximately half of patients admitted to hospital with AH [8] [9] [10] [11] [12] [13] , with a recent study showing that 64% of patients had detectable signs of sepsis [13] . The high incidence of infection is due to several factors: defects in immune cell function in AH may predispose to infection [14, 15] , whereas changes in gut permeability and dysbiosis result in translocation of gut-resident bacteria and endotoxin [16] [17] [18] . Moreover, secondary mechanical effects on respiratory function such as atelectasis due to abdominal ascites or hydrothorax predispose patients to pulmonary infection.
Infection in AH is associated with high mortality [8, 19, 20] . This is particularly concerning given the increased risk of infection with corticosteroid treatment, although an important study by Louvet et al. [21] , showed corticosteroid use to be safe once infection had been controlled. Many centres recommend the use of empirical antibiotics [22] . This is not currently supported by evidence, but trials are under way to investigate the efficacy of this approach [23, 24] . Many trials have reported the overall incidence of infection but data regarding the underlying causes of infection are available only from smaller studies [8] . This study examined a large, international cohort of patients with AH to describe the incidence, distribution and causes of infection in AH, the clinical consequences and the effect of treatment with antibiotics and corticosteroids.
Methods
We studied a cohort of patients with AH admitted to our institutions (University Hospitals Birmingham Table S1 ), biochemistry findings consistent with AH (bilirubin concentration greater than 150 mmol/L, with aspartate aminotransferase and/or alanine aminotransferase concentration less than 300 IU/mL [2] ) and no evidence of other forms of liver disease in the history on from blood tests for viral infection or metabolic disease. Liver biopsy was not required for inclusion. Patients with a history of AH in the preceding 6 months were excluded. Data were collected regarding patient characteristics, biochemistry, haematology, survival and antimicrobial use. Missing data were not imputed. Patients were treated according to local protocols without any study-specific procedures. Corticosteroid or pentoxifylline use was at the discretion of the treating clinicians. Where corticosteroids were prescribed, 40 mg prednisolone daily was used, and response was gauged over 7 days of treatment as per the Lille model [25] . As no study-specific procedures were performed and only routinely collected data were reviewed, we sought neither individual patient consent nor specific research ethics approval. Applicable institutional approvals are noted in the electronic supplementary material.
The occurrence of infection at any point during hospital admission was noted. Infection was defined as per previous investigators [25, 26] Fever and leucocytosis are classically associated with AH, and accordingly these factors were not considered prima facie evidence of infection. Similarly bacteroascites in the absence of an ascitic fluid polymorphonuclear cell count greater than 250/lL was not considered to be de facto evidence of infection.
Groups were compared with Student's t test for normally distributed data or the Mann-Whitney test if data were not normally distributed. Fisher's exact test was used for categorical data. Binary logistic regression to generate odds ratios was used to examine factors predisposing to infection. Survival was analysed with Kaplan-Meier curves and Cox proportional hazards ratios calculated to control the data for confounding factors. Data were censored after 12 months of follow-up. Propensity score matching was used to investigate prophylactic antibiotic use, with a match tolerance of 0.2 with a preference for exact matches. Statistical analysis was performed with IBM SPSS Statistics version 23 (IBM, Armonk, NY, USA).
Results
We identified 404 patients admitted to our institutions with AH. The characteristics of the included patients are shown in Table 1 . Most of the patients were male and middleaged, consistent with recent participants in trials in AH [5, 27] . Of these, 199 patients (49%) showed evidence of infection. To consider the impact of variations in patients and practice between our centres, we analysed differences in the severity of disease (assessed with the discriminant function), survival and prednisolone and antibiotic use between our centres to inform subsequent analysis. The severity of disease (one-way ANOVA p = 0.02), prednisolone use (ANOVA p \ 0.01) and antibiotic use (ANOVA p \ 0.01) differed significantly between centres. Survival did not differ by centre (log-rank p = 0.207). The incidence of infection did not differ significantly between centres (chi-squared p = 0.10).
Patients with evidence of infection had higher creatinine concentration (148 mg/dL vs 113 mg/dL, p = 0.004), higher white blood cell count (14.5 9 10 9 /L vs 12.5 9 10 9 /L, p = 0.028), lower albumin concentration (2.61 g/dL vs 2.77 g/dL, p = 0.016) and severer disease as assessed by the discriminant function (121 vs 92, p = 0.009). In binary regression analysis, higher creatinine concentration (odds ratio 1.004, 95% confidence interval 1.001-1.007, p = 0.016) and lower albumin concentration (odds ratio 0.953, 95% confidence interval 0.916-0.991, p = 0.016) were the only factors independently associated with infection (Table S2 ).
The presence of infection was associated with worse survival by Kaplan-Meier analysis (log-rank p \ 0.001) ( Fig. 1 ). When other factors (age, bilirubin concentration, creatinine concentration, prothrombin time, albumin concentration, white blood cell count and centre) were controlled for by Cox proportional hazards analysis, infection remained a significant risk factor for death at 28 days (hazard ratio 1.92, 95% confidence interval 1.25-2.94, p = 0.002), 90 days (hazard ratio 2.33, 95% confidence interval 1.63-3.35, p \ 0.001) and 12 months (hazard ratio 2.01, 95% confidence interval 1.41-2.84, p \ 0.001) after admission (Table S3 , Fig. S1 ).
Of the 199 infections, 71 (36%) were evident at the time of presentation to hospital and 128 (64%) developed during admission. Infection was an early phenomenon, with 50% of infections occurring within 24 h of admission and 73% of infections occurring within 1 week of admission ( Fig. S2 ). No significant difference in survival was seen between patients with infection on admission and those developing infection during admission (log-rank p = 0.169).
Site and causes of infection
The commonest sites of infection were the chest in 80 patients (40%), the urinary tract in 69 patients (35%), the peritoneum in 28 patients (14%) and blood in 21 patients (11%) ( Table 2 ). Five patients had microbiological evidence of infection but outside the defined criteria: three patients had bacteroascites-organisms grown on culture of ascitic fluid, but without evidence of spontaneous bacterial peritonitis by the cell count criterion. In addition, one patient had oesophageal candidiasis, one patient grew Candida albicans from bile and one patient had PCR evidence of C. difficile in stool without prior evidence of infection. Short-term and medium-term mortality were similar between all sites of infection ( Fig. S3 ), but 12-month survival was worse in patients with lower respiratory tract infection and bloodstream infection compared with those with urinary tract infection or spontaneous bacterial peritonitis. Organisms were grown from culture from 106 patients with infections (53% of all infections). Cultured organisms are listed in Table 2 . Overall, there was a predominance of Gram-negative bacteria, accounting for 67% of isolated organisms, and Enterobacteriaceae in particular. Escherichia coli was the most commonly isolated single organism, found in 29 patients (27% of all isolated organisms), and Enterobacter species were grown in culture from 26 patients (25% of all infections). Gram-positive bacteria were less commonly seen (19 cultures, 18% of all positive cultures). There was no particular relationship between the type of isolated organism and the site of infection. Candida was grown in culture from three patients (3% of all positive culture results), of whom two died during follow-up, both within 3 months of admission; however the overall the type of organism grown in culture was not associated with survival (Fig. S4) .
The site and cause of infection differed significantly between geographical locations of the centres (Fig. 2) . Multiresistant organisms were seen in 24 cultures (22.6% of all cultures). The most commonly seen was vancomycinresistant enterococcus (13 cultures), and also observed were methicillin-resistant Staphylococcus aureus (cultured from five patients), carbapenem-resistant enterococci (three cultures) and organisms producing extended-spectrum blactamases (four cultures). The presence of resistant organisms did not appear to have an adverse effect on survival ( Supplementary Fig. 4) .
Three blood cultures grew organisms that were considered potential contaminants: two coagulase-negative Fig. 1 Survival of patients after admission with alcoholic hepatitis with or without evidence of infection. Log-rank p \ 0.001 staphylococci and one Streptococcus milleri. All three patients died within 12 months of admission, with a median survival of 4 months. Removal of these individuals with potential contaminants from univariate Kaplan-Meier survival analysis did not significantly change the results (log-rank p \ 0.001). Ten cases of C. difficile infection were observed, nine in patients who had previously been treated for infection, and one in a patient without evidence of prior infection. All patients had received antibiotics before the diagnosis of C. difficile infection. The presence of C. difficile did not appear to have an adverse effect on survival: only two of this subgroup died during follow-up.
Antimicrobial therapy
Antimicrobial use was common: overall, 274 patients (68%) were prescribed antibiotics, and 76 patients (19%) were prescribed antifungal treatment. To examine the efficacy of prophylactic antibiotics to reduce infection and improve survival, the subgroup of patients without infection at admission was studied (Fig. S4) , including 301 patients without evidence of infection in the first 48 h of their admission. Prophylactic antibiotic use was defined as antibiotic treatment within 24 h of admission. No survival benefit was seen in univariate Kaplan-Meier analysis. Indeed an apparent deficit in survival was seen with antibiotic use (log rank p = 0.04); however, there were significant differences between groups with regard to creatinine concentration and albumin concentration (Table S4) .
To address these differences and overcome some of the difficulties of retrospective analysis, propensity score matching was used to match equivalent patients who received or did not receive prophylactic antibiotics. This identified 50 patients given prophylactic antibtiotics matched on a 1:1 basis with controls. This process removed any significant differences between groups (Table 3) . No reduction in overall infection rate was seen (40% vs 35% in the prophylactic group and the non-prophylactic group respectively, chi-squared p = 0.682) (Fig. 3a ). Infections occurred later in patients given prophylactic antibiotics (median 10 days after admission vs 7 days in controls) but this did not reach statistical significance (Mann-Whitney test p = 0.310). Overall survival did not differ significantly between the groups (Fig. 3b ) (log-rank p = 0.051).
Corticosteroid use and infection
Overall, corticosteroids were prescribed in 156 patients (39%) of the entire cohort. The same proportion of patients received corticosteroids in non-infected and infected groups ( Table 1) . After exclusion of patients with evidence of infection at admission (total n = 332), we observed a statistically significant increase in the overall incidence of infection with corticosteroid treatment (70% in corticosteroid-treated patients vs 47% in non-treated patients, Fisher's exact test p = 0.027). For survival analysis, only patients receiving corticosteroid therapy for more than 3 days were included (n = 147). Despite the increase in the incidence of infections, a small but statistically significant survival benefit of corticosteroids was observed (hazard ratio 0.626, 95% confidence interval 0.405-0.969, p = 0.036) at 28 days after admission.
Discussion
These detailed observations of 404 patients with AH from centres in Europe and North America confirm that infection is common in AH, seen in nearly half of patients, and is associated with worse outcomes. Most infections seen in AH are lower respiratory tract or urinary tract infections, and are usually caused by Gram-negative gut commensal bacteria. However, within the limits of this retrospective study, we observed that the use of antimicrobials early in admission delayed but did not reduce the occurrence of infections, without an effect on mortality. This large, multinational study provides a greater level of detail regarding infectious events in AH than has been reported to date. We confirm that gut or urinary tract commensal bacteria, particularly E. coli, are commonly implicated in infections in AH. In contrast to a recent report from Belgium, we did not find any cases of aspergillosis [28] , and we found only a few cases of candidias. Importantly, the underlying pathogens differ between geographical locations and different units-for example, the resistance patterns differed between centres in this study, as did the incidence of C. difficile infection. This emphasises the importance of local microbiological expertise and protocols. Our retrospective data have limitations. Screening for infection was not systematic and depended on the practice of individual clinicians. Similarly, there was no preagreed treatment protocol for treating infection when it was detected. The use of prophylactic antibiotics (i.e. in the absence of hard evidence of infection) was common, and may reflect the severity of disease that we were unable to control for despite multivariate analysis.
This cohort describes a 'real-life' cohort, which will differ from selected trial populations. Perhaps the most important difference is that we defined AH on clinical grounds rather than relying on biopsy. There is no consensus regarding the necessity of biopsy [29] , and recently the NIAAA Alcoholic Hepatitis Consortia recommended a biopsy for inclusion in studies only when doubt exists regarding diagnosis [30] . It is notable that in the recent STOPAH trial only a minority of patients underwent biopsy [5] . Nevertheless, this may explain some differences between our data and data from recent trials. In particular, the overall incidence of infection in the STOPAH trial was only 20% [5] , much lower than the rates seen in our cohort. Another large study, by Nguyen-Khac et al. [28] , also described a lower incidence of infection of approximately 30% over 6 months. In both trials, patients were excluded from both trials for persistent infection at the baseline, which may explain the differing observations. In common with the STOPAH trial, we saw an increased risk of infection with steroid use, but in contrast to the findings of Louvet et al. [21] , we did not observe a negative impact of corticosteroids on survival in the presence of infection. This latter point may be confounded by clinicians being reluctant to use corticosteroids in patients with signs of severe infection, a weakness of a retrospective approach.
Clinicians caring for individuals with AH should be aware of the high risk of infection, and the increased mortality associated with infection, particularly if it is pulmonary or blood-borne. Systematic screening for infection should be part of routine management of such patients. The data presented here regarding likely causative organisms can guide empirical therapy before cultures results are available. Other measures such as management of ascites, hydrothorax and nutritional therapy to improve gut permeability are important. Although retrospective data should be interpreted with caution, our data do not suggest a benefit of antibiotic use in the absence of infection.
In summary, our data confirm the high burden of infection in patients with AH. The early use of antibiotics in high-risk patients to prevent subsequent infections or improve survival is not supported. This will be clarified by prospective clinical trials currently under way. Fig. 3 Efficacy of prophylactic antibiotic therapy: a incidence of infection with or without prophylactic antibiotics; b overall survival with or without prophylactic antibiotics
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